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Reduction Rate of Azoxystrobin, Fenhexamid and Cyprodinil
during Ginseng Processing
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Abstract This study was performed to acquire scientific data for establishing the maximum residue limits (MRLs) of
pesticides in Korean red ginseng and its extract. Pesticides (azoxystrobin, fenhexamid, cyprodinil) were applied to a
cultivated field of ginseng, and the fresh ginseng was harvested and processed to make Korean red ginseng and its extract.
The reduction rates of the residue pesticides were calculated by determining the pesticide contents in each stage of ginseng
processing. The residue levels in fresh ginseng were 0.12 ppm for azoxystrobin, 0.19 ppm for fenhexamid, and 1.78 ppm
for cyprodinil. The residue levels in Korean red ginseng were 0.24, 0.54, and 1.49 ppm, and in the extract 0.81, 1.93, and
3.66 ppm for azoxystrobin, fenhexamid, and cyprodinil, respectively. The steaming and processing of fresh ginseng
increased azoxystrobin and fenhexamid residues, but cyprodinil was reduced. The reduction rates (dry basis) of
azoxystrobin, fenhexamid, and cyprodinil were 0.66, 0.94, and 0.28 for Korean red ginseng, and 3.25, 4.94, and 1.01 for

the extract, respectively.
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the 7H sl R B deed R Sl bE ASE A
2319t} A o188l AN FEYE A2 A FE
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A Az FFFol BlEAY AAR] TAaE Aoz o
dok Qi AulF AW, ALFH|(11F), A7
(10%), IHGH), eAHE@D), TE2Y@ED), ZEEY0%), A7+
H1E) YAE A5l F 3659 wool A SEHo] du(n.
AFZgo] IAZE T fenhexamide T 2194, AR
A IS 18 azoxystrobin® £ 79, AU WAS
913t cyprodinile 58 219 A7 A7V E woko g i 4
bl 3t FRFEHL715L fenhexamid 0.3 ppm, azoxystrobin
0.5 ppm, cyprodinik 2.0 ppmoE A= QIvh(12). 42 A4t
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Table 1. Physicochemical properties of pesticide

Fenhexamid Azoxystrobin Cyprodinil
N/\TJ [
H,C Ne M
. 70
Structure ™
g [ ]
Le] H
HC”
Formula C,H,,CLNO, C,,H,.N,0, C,H,N,
Molecular weight 403.39 302.20 2253
MP. 116°C 153°C 75.9°C
Activity Fungicides (anilide fungicides) Fungicides (strobilurin fungicides) Fungicides (pyrimidine fungicides)

S02 <l ZEe] Wyt gk °‘°1"‘ T o]‘jr. olzjst
Qi) Zhgsd F ol 93t AREWE] iR A7e Ed9
&, ZgRwol= 2 ginsenoside 3 W3H(13), ?z“—‘.‘l-:— 92 A
T, 9E AR WH3l(14), AREY, ohuxate] wk(15) T3 2o
B4 4E Azt dfEe 1‘:1'. A4 7HEE woke] Wl gt
AT AL o183 o2 Azt Azg A4 2 At
TEAE AR %QF/‘JT-J Hel AFIOE ALstE Ag
le Aol & dAFe i AllA] ARREE 59 3% (fenhex-
amid, azoxystrobin, cyprodinil)®] thate] F4 B FHeSdom
Ve ARE wok ¥sle AR, d7EAE 3 F
FAFFHLEE HA 72 AR olg-sxA gt

LT

8 AME o s E#E'I

2 Ao AR AN BL A FHHA aAlske
432 AAEE 507H180 cm><70 cm/z})— QJhsle] Qlake Au)
SEaATh Qatell AME- 5FE ¥ F Table 19 fenhexamid(<3}
A, 50%, ALFFo|H), azoxystrobin(HAT3HA], 20%, HEHH,
), cyprodinil(A/d53HA, 50%, FEHH) 3538 A1F ok
Ao FRlEle seRPEANZIZ1D)Y) Wt B 325k 1)
T BRI ARSI Q4 A godslA fde] 283 &
2Ees AT 2L FAl YRS ?‘Hrfﬂ&ﬂ-rﬁr

=

WA ARAIV) H30el SRzl DU T 2
Aoz dwslel AAHOE IRAA AU 5o 24
4 BY 9 vl FACERCR o) S2T T vl 3R

o Skeg T8I, A R FHYo= 7l~=6b2 Zt Ago o
3 Rt B4 33 whEo s X

7134y

A} SAEEAE AdEE AE
A WAL AzWEE WiXesle] Fig. 13 7o) $24F 5
kgs 94-97°C 3715 ol&38t 3AI B¢ SAsY. a8
60°Cel g% o8 FHGF0] 3540%7F 7AZ3 & mjakal Bk

B 5U9 Azdos

& BHson, 22 B 60°C g9For FRSo] 6%
ola7t 2 wi7iA] 7z Aza T4 B vake 37
o) ¥EZ 3o BASE % 15082 Sung? Yang(16)°] Hul

4% UepdTr A7 70% e 1,500 mLE 70°CE 84
b 7ESte] FE3190oH o] S 33 WhEE F HH 0°C
2 gl w58 FdESgel AFFAT 71E - FAHE)0
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Ginseng
Washing
— Red ginseng
‘ (main : tail =3:7)
Steaming ginseng
94-97°C, 3hr
* Grinding
Hot air drying Extraction(70% EtOH

At 60°C. 35-40%(moisture) at 70°C, 8hr, 3times)

Separation — Filtration
v v

f : Red ginseng(tail)
Hot ajr drying ) §
At 60°C. 16%(moisture) Evaporation at 70°C
Red ginseng(main) Red g

Fig. 1. Process diagram of Korean red ginseng and extract,

A8 4= U= 65°Brix’t HA| pilot scale® AZsIT T4
FEN Azg Ei v)ike] 3.7 Hj8L AFEEE 345 S
A AFA ek o g AREFh= HigH]E o] &3l

Siio| JISTHIE HaAIr &

95 742 %’E}Jr TAEFYoR Tl ThEEAER
7 Age] AFede BN 2 g dEeie] vER U
! 7}—'—7ﬂll—r(7})— Esln 7t AF s FFE 2B

AEVNZHOE Rt AUFo R g be ZaAs
(ThE dEsdnh 7HrE&S 489 U AF ¥ 4EEDH
stRon FEEFS 105°C FU7HE e S4siith

D 7FEAIS(processing factor(wet base))
= ZHAE HARFH(wet base) Y] FAF
h AE 71E A7 (dy base)
= (QQAAIEY FFEIRIFX100)/(100 -

2 (wet base)
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Table 2. GC condition for analysis of pesticides in ginseng products

Fenhexamid Azoxystrobin Cyprodinil
GC System Agilent 6890 GC
Column Ultra-2 J&W (50 m X 0.2 mm X 0.33 pm film thickness)
Carrier gas N, 1 mL/min (constant flow mode)
Detector ECD? NPDY
Split ration 40:1 30:1
Injection Vol. 1pL
Injection Temp. 260°C
Detector Temp. 300°C
Oven Temp. 215°C (20 min)—5°C/min—225°C 250°C (20 min)—5°C/min—280°C 80°C (2 min)—10°C/min—160°C

(15 min)—30°C/min—300°C (20 min)

(25 min) (20 min)—20°C/min—280°C (20 min)

“Electron Capture Detector, "Nitrogen Phosphorus Detector.

Table 3. Yield, conversion factor, moisture and pure extract
during ginseng processing

. . Red ginseng
Fresh ginseng  Red ginseng extract
Yield (%) 100 30.20 20.84
Conversion factor” 1.0 33 48
Moisture (%) 71.80+0.37 15.60£0.24  42.60+0.42
Pure extract (“Brix) - - 64.931£0.52

“Yield of fresh ginseng/Yield of red ginseng,

(h Z2A T Reduction factor(dry base)]
= ZAIZY FRAF(dry baseyate) FURF K (dry base)
ED 7 (%)

= (e T8l F8)X100

AR BX2| ¥ 24717

T 2 TR RRTY BYL EFTH AR
AT 839 PA®E WIS, 4 50g, B 10g, IS
4 5g& blenderdl] Hl] FFSF GAFTL slsted N7 W)
& % acetonitrile 200 mLE 713+ ¥ homogenizer® 10%-7+ 32
BEl 7 osfste] 250 mL B2 7o) ST o)) &
S 27 P8I sodium chloride 5g& 93 1097 A5
et AL F, 4°C ¥R PN iR Fe] 22 Bty
o E3& AASA f7180FS AztEeaso) wolr 7
FIIERS 78l BeA7) F, SangEeiaad) gol 40°C
ofat FadolAM 709t &SN 7Y FEE AFHES hexane
4mlLE =21 ¥ florisil 10 g5} FFHNMIEF 30 £3¥ open
column(15 mm X400 mm)°l| loading3t F, 20% acetone/hexane
200mLE AME3te] &% AlFTh 839 40°C o]F 224
A FZ71E o)l&sld FEF T 20% acetonehexane 3 mLol
Ho APgdos Ao AR 3 B47)7)

Table 4. Recovery and LOD for pesticide analysis

Z7& Table 29} 7Tt} Fenhexamid, azoxystrobin, cyprodinil-&
Dr. Erenstorfer*HGermany)2] 2& 743le] EFFo= ASsigiT)
Zo 3 g

QAT Auizd FAN e ANHL 2 fenhexamid,
azoxystrobin, cyprodinil ¥21& HESY FEHF F 4 L T
TEHoR Az 2t AF Ve, FE F 1R TF
FAFSE A3} Table 35 Z2dt} 48 FHo 2 7HEeIE
Y 7FEES AT 1008 71E0E B4kl 302%%e9 &
oz AT FAEEAY A 208%F WEgTh 282 &
A4 olgdte For ART B, T of 337
R FAEHAoR T Apole oF 48] HAES @ F
WS FEFNE FACE /HFEEE o Tl uE §
s Tl £EE AFY FEE oA 3 2 &4
FEQoR /T AS TEHE S i) 33, TEE
Aol 482 vigh} T o] BaHA ¥ Uz SAY 3
+ ZRE 7 Ae 4L 45T F e Afolr. £ FE
TFE 718%AL TAEL 15.6%FeH TAEENY AL
26%] TETES BHon oy TA4ESAY yFE ¢
ok 65°BrixAth. FaelA 2 QFEE AZRA) 80l 332%,
16.8%, BHAIGTE 3.0, 59, TE 10.7%, 424%=Z Eh} T4
4 FAEEA A2A gl B2 A0E YERITH10). Table
49:= azoxystrobin %! fenhexamid 0.125 ppm, cyprodinil& 0.75
ppmS 4, B4 B S ket S 2AE 4
3}, 70% o)de) 43 AAE Bow, AEAE 001, 0.05,
0.05 ppm& AT} Fig. 291 GCE olgslo] 4, T4 4
FEY) BT A8} Foo] A AEE e Wi
o] ZEld A=vtETAG YR

Table 5ol 14hg AvistHA Azt 35] Fodd gt &
A 3 2 59 2ARFE JERITE Azoxystrobin
oA 0.12 ppm, 4 0.24 ppm, Z4HEE 0.81 ppm, fenhex-

ol

tle

o rff

) Recovery (%) o
Spiking level (ppm) - - - LOD? (ppm)
Fresh ginseng Red ginseng Red ginseng extract
Azoxystrobin 0.125 71271172 78.18+0.96 85.34+0.87 0.01
Fenhexamid 0.125 74011123 80.54 +2.04 82.20+1.75 0.05
Cyprodinil 0.75 101.78 £2.65 98371192 9537+ 168 0.05

ILimit of determination.
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Fig. 2. Typical chromatograms obtained for GC-ECD/NPD analysis. 1: azoxystrobin, 2: fenhexamid, 3: cyprodinil, A: The standard of
pesticide, B: Control of fresh ginseng, C: Fresh ginseng treated pesticide, D: Control of red ginseng, E: Red ginseng treated pesticide, F: Control

of red ginseng extract, G: Red ginseng extract treated pesticide.

Table 5. Analytical result of pesticide residues in ginsengs and

extract (unit: ppm)
Freshginseng  Red ginseng Red ginseng
extracts
Azoxystrobin  0.12+0.01  024£096  0.81£0.12
Fenhexamid ~ 0.19+001  054£009  193%035
Cyprodinil 1784016  149%0.59  3.66+2.22

Table 6. Reduction factor of pesticide residues during ginseng
processing (wet base)

. . Red ginseng
Fresh ginseng  Red ginseng extracts
Azoxystrobin 1.00 2.00 6.75
Fenhexamid 1.00 2.84 10.16
Cyprodinil 1.00 0.84 2.06

amide= <4+ 0.19 ppm, 4 0.54 ppm, F45EA 1.93 ppm, &
2 7R F IRERF 37k A%E 290 Cyprodinike 4
Aol 178 ppmel ZACE 7HEEE S W 149 ppmE ZHAF
o, 4 EEY o R JlEE FE 3.66ppmoE ZUkEHE 2
5 B} Table 69 74 HAF2S 12317 B4k £4F
F5Y T FRFEE JEoR Eashs /1A (wet base)
£ Hlugt A3}, cyprodinil®] ¢ FAIA 0842 ZHAshe A
S 2 JePREOL, azoxystrobin? fenhexamids 2.0, 2.848 %7)5}
At THEEHL cyprodinil 2.06, azoxystrobin 6.75 2 fenhex-
amid 101622 FEFYO 2 AT AL Fo) wet 2=
o] AolaAl Uelstt o] Aale AMREY s =
FHEeke] g A0 FAS AES Bo] 4k 9
g FAE AREA YR wel BeHe AR AE 4
olgted olEdt HAAEE QUstel FAHFIHENE YA F
&3l Aol &8 Zo= ARG QA4S JhEshaA 7z A

Reduction factor

Cyprodinil

Azoxystrobin Fenhexamid

Fig. 3. Reduction factor of pesticide residues during ginseng

processing (dry base). [1: Fresh ginseng, I2: Red ginseng, ll: Red
ginseng extract.

Fo) FFss B4% AREIRL Fig 29 ST Fig 2
£ azoxystrobin, fenhexamid, cyprodinilo] RAH8 F4, 4 2
2N Foo) HHA ZF& AEE TF AFAIEHA w2t
A A & a=elEaRS ¥astd YA Fig 32 <
e AE7|Eo R AFEete] dulgoz 74AF(dy base)S
e A2 F4o2 74FA] fenhexamidis 0.94, azoxystrobin
< 066, cyprodinilk> 0282 th¥-¥ 7HAskes Zo2 AR
FisEde NES F 5 49 AUFE el ZaAS
= azoxystrobin 325, fenhexamid 4.94, cyprodinil 1.01°]% ¢t} &
A7 Aie ddYEE 7 4 2 S Ede w9EFE
HE71EE 9% 7| AEE 82 o, FF L o
S3to] RSt A, A RS, S A sk
FEE71E2 7ol og TR A 2 St w7
Ztel iste] AAshs o] FHAY Aoz ATFHUT
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el AwE AR FH3ATE. A4F A Al A
€ §5% ¥ 3% (azoxystrobin, fenhexamid, cyprodinily2 14+
o AR I $8E F4 T wEdoz HHY A
z8Ach. #8834 azoxystrobin 0.12 ppm, fenhexamid
0.19 ppm, cyprodinil 1.78 ppm®] #F3lPR o Hoko] 2EH 4=
e 982 T4 2 o= sty 7} AT EoF e
Fe AT A fenhexamid?] 73$- B4t 0.54 ppm, T4k
Ao 1.93 ppme] ZHFIIATE Azoxystrobin® A 0.24 ppm,
TS 081 ppme] AFEl] FFEHAE AXHA 27}
3t 23 cyprodinile] 7% 1.78 ppme] FHHE Sate] FaH
O2 JHEEYA 149ppmo® HAFH oY FAHEEAE
3.66 ppmo-2 FUFeIATE Foko] ARHE 4L o] fele] 34t
3} F59 AZA] azoxystrobin, fenhexamid, cyprodinil®] 7HA7|
F(dry basey= Sl 0.66, 0.94, 028, FiFEZ oA 325,
4.94, 1.01°]S1t}.
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